Background {#Sec1}
==========

Physical activity (PA) has several preventive effects on physical and mental health \[[@CR1]-[@CR3]\]. Physical inactivity has been labeled as a pandemic and is the fourth leading risk factor for global mortality \[[@CR4],[@CR5]\]. It is estimated that worldwide about 3.2 million deaths and 32.1 million disability-adjusted life years (DALYs) are annually attributable to insufficient PA \[[@CR6]\]. Physical inactivity accounts for between 1.0 and 2.6% of the total healthcare costs in developed countries \[[@CR7]\].

Data from the German Interview and Examination Survey for Children and Adolescents (KiGGS) show a pattern of insufficient PA for children in Germany: only 15.3% of children and adolescents between 4 and 17 years of age fulfill World Health Organization (WHO) recommendations regarding PA (moderate to vigorous intensity) of at least 60 minutes a day \[[@CR5],[@CR8]\].

A lack of PA influences the development of obesity and a growing prevalence of obesity can be observed in children \[[@CR9],[@CR10]\]. In Germany, 15% of the children and adolescents aged 3 to 17 years are overweight (including obesity) and 6.3% are obese \[[@CR11]\]. Three German studies indicate that childhood obesity is a cost driver for the healthcare system \[[@CR12]-[@CR14]\].

While there has been some research on the impact of childhood obesity on healthcare utilization and costs, the association between PA, healthcare utilization and costs has barely been explored for children. A prospective Dutch study with 996 primary schoolchildren describes the economic burden of injuries that occur during physical education class, leisure time or organized sports \[[@CR15]\]. Only one cross-sectional Canadian study analyzes the association between health behavior and healthcare utilization costs in 4380 grade 5 students from elementary schools \[[@CR16]\]. In that study, Kirk et al. link survey data from the 2003 Children's Lifestyle and School Performance Study (CLASS) including children's PA and screen time with administrative health data from the province Nova Scotia (number of physician visits and physician costs for each child from 2001 to 2006) \[[@CR16]\]. Kirk et al. find no statistically significant relationship between PA or screen time and healthcare utilization or costs. A non-significant trend shows increasing healthcare costs for increasing PA and decreasing screen time \[[@CR16]\].

Until now, there are no studies in Germany analyzing the relationship between PA, healthcare utilization and costs for children. Assuming preventive effects of PA on healthcare utilization and costs on the one hand and economic burden resulting from PA-related injuries on the other, it is still uncertain whether savings or additional costs predominate in physically active children. The aim of this cross-sectional study is to analyze the correlation between different levels of PA and healthcare utilization as well as costs for children aged 9 to 12 years based on data from the GINIplus- and LISAplus studies.

Methods {#Sec2}
=======

Study population and sampling {#Sec3}
-----------------------------

The cross-sectional data were taken from the 10-year follow-up of two prospective population-based birth cohort studies: The GINIplus study (The German Infant Study on the Influence of Nutrition Intervention plus Air Pollution and Genetics on Allergy Development) and the LISAplus study (Influence of Life-style Factors on Development of the Immune System and Allergies in East and West Germany plus Air Pollution and Genetics on Allergy Development). Included in both studies were healthy, fullterm newborns with a birth weight \>2500 g who are of German descent and live in the proximity of study centers in Munich, Leipzig, Bad Honnef and Wesel. In these areas, newborns were recruited from obstetric clinics between the mid- to the late 1990s \[[@CR17]\]. Further inclusion criteria, the intervals analyzed, the design of the study arms and the interventions are described in more detail elsewhere \[[@CR17],[@CR18]\].

Both study protocols were approved by the local ethic committees (Bavarian General Medical Council, University of Leipzig, Medical Council of North-Rhine-Westphalia) and written informed consent was obtained from all participating families.

Starting with 5991 newborns in GINIplus and 3097 newborns in LISAplus at baseline, after 10 years about 55% of all individuals were left for data collection. The cross-sectional data for the 10-year follow-up (mean age of individuals: 10.08 years) were available between 2005 and 2009 depending on the birth date of the individuals \[[@CR17]\]. The 10-year follow-up of both studies provides data for 5049 children \[[@CR14]\]. For the first time, a questionnaire recording healthcare utilization was applied, resulting in data for 3642 children. The aim of applying this questionnaire was to analyze the costs resulting from healthcare utilization in children \[[@CR17]\].

Data on the exposure PA are missing for 286 of those children. To avoid unnecessary further loss of data, we included children in the analyses for whom only data on covariates were missing but data for the exposure PA were available. Thus, the analyses are based on data for 3356 individuals.

Definition of physical activity {#Sec4}
-------------------------------

PA is a generic term for any movement of the body which is produced by the skeletal muscles and increases energy use above the metabolic rate at rest \[[@CR19]\]. In this study, using a self-administered questionnaire, parents of participating children had to assess the intensity and a mixed dimension of quantity and frequency of their children's PA. Possible response categories of intensity were "light PA" (without sweating, normal respiration, e.g. walking), "moderate PA" (some sweating, slightly increased breathing, e.g. cycling, swimming, skating) and "vigorous PA" (a lot of sweating and fast breathing, e.g. ball games, training). For each intensity category, parents were asked to estimate the mixed dimension of quantity and frequency of their children's PA in hours per week (h/week) separately for summer and for winter time. Mean annual values were calculated for each child in each intensity category.

The WHO and various other guidelines advise children to be physically active on a moderate-to-vigorous intensity to maintain a basic level of health \[[@CR5],[@CR20],[@CR21]\]. WHO-guidelines for children recommend 60 minutes moderate-to-vigorous PA (MVPA) per day \[[@CR5]\].

Therefore, hours of moderate PA and vigorous PA that were reported by the parents of participating children were added up to build a sum variable of MVPA weighting moderate and vigorous PA equally and combining the information on intensity, quantity and frequency of PA in h/week MVPA.

For the primary analysis, the sum variable MVPA was dichotomized into two levels : \<7 h/week MVPA (WHO-recommendations not met) and ≥7 h/week MVPA (WHO-recommendations met). A four-level MVPA-variable was considered in a sensitivity analysis model categorized in: \<3.5 h/week MVPA, ≥3.5 h/week and \<7 h/week MVPA, ≥7 h/week and \<10.5 h/week MVPA, ≥10.5 h/week MVPA.

Socioeconomic factors and BMI {#Sec5}
-----------------------------

Covariates used in the analysis are age, gender, body mass index (BMI) of children, highest education level of parents, relative income position of the household (relative to the median equivalence income), single parenthood and study region. Socioeconomic information was obtained from parents via self-administered questionnaires.

As measures of children's socio-economic background information on the education level and income of parents were used. Education level of parents was given by the maximum completed school years of either of the parents: "low" (\<10 years), "medium" (=10 years), "high" (\>10 years). In cases of missing information (0.4% of mothers, 2% of fathers) single imputation was conducted, applying the Markov Chain Monte Carlo method (PROC MI in SAS) \[[@CR22]\]. Completed education levels served to impute missing income positions (9.8% of cases) using the logistic regression method within PROC MI \[[@CR22]\].

Information on parents' net household income was converted into equivalence income according to the modified Organization for Economic Cooperation and Development (OECD) scale \[[@CR23],[@CR24]\]. Equivalence income considers the size of the household and weights its members to reflect the households\' spending capacity more precisely. According to the EU convention, the threshold value of poverty risk is defined as 60% of the median net equivalence income \[[@CR25]\]. Using the median equivalence income of Germany in 2007 as a reference (1521 EUR/month)^a^ \[[@CR23]\], the relative income position of the household was categorized into: ≤ 60% of median equivalence income, \> 60 and ≤ 100% of median equivalence income and \> 100% of median equivalence income.

Anthropometric data of weight and height were recorded at the physical examination of the children by trained medical staff and BMI was calculated as weight in kilograms divided by height in meters squared. BMI data were classified according to German age- and sex-specific percentile cut-off points for children, resulting in the categories "severely underweight" (\<P3), "underweight" (P3 to \< P10), "normal weight" (P10 to P90), "overweight but not obese" (\>P90 to P97) and "obese" (\>P97) \[[@CR26],[@CR27]\].

Healthcare utilization, direct and indirect costs {#Sec6}
-------------------------------------------------

In the healthcare utilization questionnaire parents reported whether their child had used healthcare services (physician, therapist, hospital, rehabilitation) as well as the number of physician visits (pediatrician, general practitioner, ophthalmologist, orthopaedist, ear, nose and throat specialist (ENT), dermatologist, pulmonologist, emergency doctor and other specialist), therapist visits (alternative practitioner, physiotherapist, speech therapist, psychotherapist, occupational therapist, homeopath, other therapist), the number of hospital days and inpatient rehabilitation days of their children. In addition parents provided information on their work absence days (occurred yes/no, number of days) required due to health problems of their children. All questions referred to the previous 12 months.

On the basis of this individual level data direct medical costs were assessed applying a bottom-up approach and unit prices. Physician costs were calculated using prices per physician visit for each medical specialty, taken from a national costing guideline from the Working Group Methods in Health Economic Evaluation (AG MEG) \[[@CR14],[@CR28]\]. For the estimation of therapist costs the number of visits were multiplied by the appropriate valuation rate suggested by the AG MEG and supplemented by information from relevant organizations \[[@CR14],[@CR29]\]. The costs of hospital visits and inpatient rehabilitation stays were assessed by multiplying the number of days by the mean costs per day \[[@CR14]\]. Utilization and costs of pharmaceuticals were not included in this analysis.

Direct medical costs were calculated as total costs (sum of physician, therapist, hospital and inpatient rehabilitation costs) as well as in the separate subcategories: physician, therapist, hospital and inpatient rehabilitation costs.

Indirect costs resulting from parental work absence were calculated as age- and gender-specific mean costs per day of lost work for employees multiplied by the number of lost work days caused by the child \[[@CR14]\]. The human capital approach was applied to evaluate production losses \[[@CR14],[@CR30]\].

All costs were denominated in Euros and referred to the year 2007 \[[@CR14]\]. More details on monetary valuation and imputation procedures can be found elsewhere \[[@CR14],[@CR22]\]. For sensitivity analyses of costs to changes in the assumptions regarding valuation methods and imputation procedures, see Breitfelder et al. \[[@CR14]\]. For all cost components an excess cost approach was applied, i.e. all costs due to both the exposure variable MVPA and consequences of MVPA on health were captured \[[@CR13],[@CR31]\]. This allowed for comparison of MVPA groups regarding cost differences.

Statistical analysis {#Sec7}
--------------------

Differences of variable distributions for both cohorts (GINIplus and LISAplus) have already been analyzed elsewhere and no noticeable differences were found \[[@CR32]\]. Therefore, the data from both studies were pooled together. Descriptive analyses provide an overview of the study population including PA behavior of the children and their utilization of healthcare services. For this purpose, absolute frequencies (plus percentage values) and mean values (plus standard deviation) were calculated.

Bivariate analyses were conducted for the MVPA variable of primary analysis and each covariate separately, for the variables education level and relative income position as well as for the MVPA variable and each cost category.

The primary regression model analyzes the association between MVPA and direct medical costs (total costs, physician costs, therapist costs, hospital costs and inpatient rehabilitation costs) as well as the association between MVPA and indirect costs (costs of parental work absence). The regression model was adjusted for the covariates age, gender, BMI of children, education level of parents, relative income position of the household (relative to median equivalence income), single parenthood and study region.

Descriptive analysis of the outcome total costs showed a positively skewed distribution. To account for positively skewed cost data and for a high number of zero-costs (13.4% of total costs), a two-step regression approach was applied to model the costs. The first step consists of a logistic regression model (PROC LOGISTIC in SAS). Handling a binary response variable regarding utilization (yes/no) it estimates the association between MVPA, covariates and the odds of generating costs in a particular cost category. In the second step, a generalized linear regression model (PROC GENMOD in SAS) was used to assess the association between MVPA, covariates and the extent of costs caused by the healthcare utilization of the children in a particular cost category. A gamma distribution with log-link function was assumed \[[@CR33]\].

Four types of sensitivity analyses were conducted on each of the cost components and for both steps of the model. Sensitivity analysis model 1 (SAM 1) reperformed the primary analysis excluding two individuals due to high utilization of healthcare services (\>100 days of stay in hospital or inpatient rehabilitation). In SAM 2 the categorization of the MVPA variable was changed from dichotomous into four-level: \<3.5 h/week MVPA, ≥3.5 and \<7 h/week MVPA, ≥7 and \<10.5 h/week MVPA and ≥10.5 h/week MVPA. Two further models were adjusted for the same covariates as the primary analysis, but in each instance one extra variable was included in the calculation: SAM 3) an interaction term of MVPA and gender, SAM 4) an interaction term of MVPA and BMI. All sensitivity analyses were considered as explorative, therefore no adjustment for multiple testing was made.

Additionally, recycled predictions were applied combining both steps of the regression model to assess the overall association between PA and costs. Therefore, adjusted mean costs and the cost differences were estimated for the two MVPA groups (WHO recommendations met vs. WHO recommendations not met). 1000 bootstrap replications and the percentile method were used to estimate 95%-bootstrap-percentile-intervals \[[@CR34],[@CR35]\]. For statistical calculations the software package SAS (SAS Institute Inc., Cary, NC, USA, Version 9.2) was used and p-values ≤ 5% were considered statistically significant.

Results {#Sec8}
=======

Description of the study population and healthcare utilization {#Sec9}
--------------------------------------------------------------

Table [1](#Tab1){ref-type="table"} shows the characteristics of the study population in absolute and relative frequencies or mean values plus the standard deviation. Participating children are quite active, the majority fulfill WHO recommendations: for 69.3% of all children, parents reported ≥ 7 h/week MVPA. The four-level MVPA variable reveals that 44.0% even do more than 10.5 h/week MVPA.Table 1**Description of the study population (GINIplus and LISAplus)Subject characteristicAnalyzed population (N = 3356)Population according to MVPA activity time** ^**4**^**Bivariate analysisNMean (SD) or %Mean (SD) or N (%) doingMean (SD) or N (%) doingMVPA (h/week) and** ^**7**^**\<7 h/week MVPA** ^**5**^**≥7 h/week MVPA** ^**6**^**(N = 1030)(N = 2326)Age**335610.08 (0.23)10.09 (0.25)10.08 (0.22)t = 0.93, p = 0.35 (TT)**Gender***χ* ^2^ = 0.78, p = 0.38 (PT)Boys172351.34517 (50.19)1206 (51.85)Girls163348.66513 (49.81)1120 (48.15)**BMI categories** ^**1**^*χ* ^2^ = 10.22, p = 0.07 (PT)Severely underweight (\< P3)892.6522 (2.14)67 (2.88)Underweight (P3 to \< P10)2126.3260 (5.83)152 (6.53)Normal weight (P10 to P90)267479.68850 (82.52)1824 (78.42)Overweight, not obese (\> P90 to P97)1945.7845 (4.37)149 (6.41)Obese (\> P97)601.7920 (1.94)40 (1.72)Missing1273.7833 (3.20)94 (4.04)**Education level of parents** ^**2**^*χ* ^2^ = 0.08, p = 0.96 (PT)Low (\<10 years)1745.1852 (5.05)122 (5.25)Medium (=10 years)89726.73274 (26.60)623 (26.78)High (\>10 years)228568.09704 (68.35)1581 (67.97)**Relative income position** ^**3**^*χ* ^2^ = 2.80, p = 0.25 (PT)≤60% of median income53916.06151 (14.66)388 (16.68)\>60 and ≤ 100% of median income119135.49362 (35.15)829 (35.64)\>100% of median income162648.45517 (50.19)1109 (47.68)**Single parenthood***χ* ^2^ = 10.34, p = 0.01 (PT)Yes3349.95124 (12.04)210 (9.03)No296588.35895 (86.89)2070 (88.99)Missing571.7011 (1.07)46 (1.98)**Study region***χ* ^2^ = 24.68, p \< 0.0001 (PT)Munich171751.16551 (53.49)1166 (50.13)Leipzig35410.55132 (12.82)222 (9.54)Bad Honnef1855.5166 (6.41)119 (5.12)Wesel110032.78281 (27.28)819 (35.21)Abbreviations: BMI: body mass index; h: hours; N: number of observations; P: percentile; %: percentage; PT: Pearson chi-square test; SD: standard deviation.TT: *t*-test for independent samples.^1^BMI categories according to Kromeyer-Hauschild et al. 2001 \[[@CR28]\].^2^Maximum completed school years of either of the parents; ^3^categorized relatively to the median equivalence income of the year 2007 (1521 EUR/month) \[[@CR24]\].^4^MVPA: moderate-to-vigorous physical activity (year average, dichotomized according to WHO recommendations ≥ 60 min/day MVPA) \[[@CR2]\].^5^WHO recommendations not met; ^6^WHO recommendations met.^7^Bivariate analysis of the variable MVPA with each single covariate (age, gender, BMI, education, income, single parenthood, study region).

Bivariate analyses for the dichotomous MVPA variable and covariates show that there is no significant association between MVPA and gender, MVPA and BMI, MVPA and education level of parents or MVPA and relative income position of the household (Pearson chi-square tests). Bivariate analysis for MVPA and age was conducted using the *t*-test for independent samples. There is no significant difference in mean values for age between MVPA groups. Significant associations were observed for MVPA and single parenthood as well as for MVPA and study region (Pearson chi-square tests).

In Table [2](#Tab2){ref-type="table"}, an overview of healthcare utilization and parental work absence is provided. The calculation shows absolute and relative frequencies of subjects using resources plus their mean frequencies of utilization (visits or days of stay) over the past 12 months. Standard deviations of the mean frequencies of utilization are high.Table 2**Utilization of healthcare services and parental work absenceHealthcare service componentsAnalyzed population (N = 3356)Bivariate analysisSubjects using resourcesMean frequency of utilization (if used)SDMVPA (h/week) and costs** ^**1**^**N%NPhysician visits (total)**284984.894.364.13z = 0.04, p = 0.97 (WT)Pediatrician188556.172.602.45General practitioner85725.542.231.61Ophthalmologist99729.711.360.9Orthopaedist50114.931.691.24Ear, nose and throat specialist (ENT)38911.591.941.73Dermatologist40612.101.982.19Pulmonologist992.952.863.47Other specialist33710.042.994.38Emergency doctor45013.411.250.69**Therapist visits (total)**84225.0913.9520.35z = −0.12, p = 0.90 (WT)Alternative practitioner2046.084.1010.81Physiotherapist1825.4214.6816.94Speech therapist1323.9316.5913.92Psychotherapist1815.3912.5915.34Occupational therapist942.8021.0016.95Homeopath1945.782.942.56Other therapist972.8912.6417.91**Hospital (days)**1815.396.1514.97z = −0.89, p = 0.37 (WT)**Inpatient rehabilitation (days)**471.4022.0926.59z = 0.18, p = 0.86 (WT)**Parental work absence (days)**83632.84\*3.894.14z = 1.11, p = 0.27 (WT)Abbreviations: h: hours; N: number of observations; %: percentage; SD: standard deviation; WT: Wilcoxon-Mann-Whitney test; \*of those who are employed: N = 2744 (not employed: N = 876).^1^Bivariate analysis of the variable MVPA and the costs of each healthcare service component.Results for Wilcoxon-Mann-Whitney test of MVPA and total direct costs: z = −0,25, p = 0.80.

For bivariate analysis of MPVA and cost data the non-parametric Wilcoxon-Mann-Whitney test was applied. There is no significant difference in mean costs between MVPA groups for total direct costs, physician costs, therapist costs, hospital costs, inpatient rehabilitation costs or parental work absence costs.

Association between socioeconomic factors, BMI, MVPA and (in)direct costs {#Sec10}
-------------------------------------------------------------------------

Table [3](#Tab3){ref-type="table"} shows the results for the first step of the regression model (logistic regression).Table 3**Association between socioeconomic factors, BMI, MVPA and (in)direct costs (logistic regression model)ParameterDirect costs (no/yes)Indirect costs (no/yes)TotalPhysicianTherapistHospitalInpatient rehabilitationParental work absenceOdds \[95% CI\]Odds \[95% CI\]Odds \[95% CI\]Odds \[95% CI\]Odds \[95% CI\]Odds \[95% CI\]Age**0.98 \[0.63-1.51\]0.98 \[0.65-1.48\]0.93 \[0.65-1.31\]2.22 \[1.28-3.86\]\*\*1.87 \[0.65-5.42\]0.86 \[0.59-1.25\]**Gender, Ref: Girls**1.001.001.001.001.001.00Boys1.17 \[0.95-1.43\]1.10 \[0.91-1.33\]1.21 \[1.04-1.42\]\*0.94 \[0.69-1.27\]1.10 \[0.61-1.98\]1.03 \[0.87-1.23\]**BMI categories** ^**1**^ **, Ref: Normal weight (P10 to P90)**1.001.001.001.001.001.00Severely underweight (\< P3)1.81 \[0.83-3.96\]1.79 \[0.86-3.74\]1.14 \[0.71-1.85\]1.99 \[0.94-4.23\]4.23 \[1.43-12.52\]\*\*1.14 \[0.66-1.98\]Underweight (P3 to \< P10)1.07 \[0.70-1.63\]0.97 \[0.66-1.44\]1.34 \[0.98-1.82\]1.52 \[0.87-2.66\]0.83 \[0.20-3.50\]1.13 \[0.80-1.60\]Overweight, not obese (\> P90 to P97)1.12 \[0.72-1.74\]0.98 \[0.66-1.47\]1.55 \[1.12-2.14\]\*\*1.49 \[0.84-2.66\]0.81 \[0.19-3.43\]0.93 \[0.63-1.38\]Obese (\> P97)2.24 \[0.80-6.26\]2.56 \[0.92-7.12\]1.11 \[0.61-2.03\]1.62 \[0.63-4.19\]5.42 \[1.96-15.03\]\*\*\*1.41 \[0.75-2.63\]Missing0.67 \[0.42-1.06\]0.66 \[0.42-1.03\]0.64 \[0.40-1.04\]1.24 \[0.59-2.60\]1.72 \[0.51-5.80\]1.10 \[0.70-1.75\]**Education level of parents** ^**2**^ **, Ref: High (\>10 years)**1.001.001.001.001.001.00Low (\<10 years)1.33 \[0.81-2.19\]1.41 \[0.87-2.28\]0.78 \[0.51-1.19\]1.66 \[0.88-3.12\]2.37 \[0.84-6.67\]0.69 \[0.42-1.15\]Medium (=10 years)1.04 \[0.81-1.33\]1.08 \[0.85-1.37\]1.07 \[0.87-1.30\]1.08 \[0.74-1.57\]1.51 \[0.75-3.02\]0.98 \[0.79-1.22\]**Relative income position** ^**3**^ **, Ref: \> 100% of median income**1.001.001.001.001.001.00≤60% of median income0.92 \[0.66-1.28\]0.89 \[0.66-1.22\]1.01 \[0.78-1.32\]1.15 \[0.73-1.83\]1.77 \[0.75-4.14\]0.77 \[0.57-1.04\]\>60% and ≤ 100% of median income0.77 \[0.60-0.97\]\*0.81 \[0.65-1.02\]1.21 \[1.00-1.46\]\*0.81 \[0.56-1.17\]1.03 \[0.48-2.23\]0.92 \[0.76-1.13\]**Single parenthood, Ref: No**1.001.001.001.001.001.00Yes0.93 \[0.66-1.30\]1.00 \[0.73-1.39\]1.11 \[0.86-1.44\]0.75 \[0.43-1.29\]1.60 \[0.69-3.68\]0.81 \[0.60-1.09\]Missing0.95 \[0.44-2.02\]0.84 \[0.42-1.68\]1.13 \[0.62-2.07\]0.60 \[0.14-2.49\]\<0.001 \[\<0.001- \> 999.999\]1.57 \[0.83-2.94\]**Study region, Ref: Munich**1.001.001.001.001.001.00Leipzig1.55 \[1.03-2.33\]\*1.78 \[1.20-2.64\]\*\*0.82 \[0.63-1.07\]1.73 \[1.10-2.73\]\*3.18 \[1.36-7.40\]\*\*1.97 \[1.52-2.54\]\*\*\*Bad Honnef1.15 \[0.70-1.88\]1.22 \[0.77-1.94\]0.69 \[0.48-0.99\]\*1.10 \[0.56-2.19\]1.09 \[0.24-4.96\]0.76 \[0.51-1.13\]Wesel0.68 \[0.53-0.86\]\*\*\*0.75 \[0.60-0.94\]\*\*0.50 \[0.41-0.61\]\*\*\*0.89 \[0.61-1.31\]1.53 \[0.72-3.28\]0.38 \[0.30-0.48\]\*\*\***MVPA activity time** ^**4**^ **, Ref: \< 7 h/week MVPA** ^**5**^1.001.001.001.001.001.00≥7 h/week MVPA^6^0.95 \[0.76-1.19\]1.06 \[0.86-1.30\]1.05 \[0.88-1.25\]1.20 \[0.85-1.68\]0.97 \[0.52-1.84\]1.04 \[0.87-1.26\]Abbreviations: BMI: body mass index; CI: confidence interval; h: hours, Odds: odds ratio estimates; %: percentage; Ref: reference category.^1^BMI categories according to Kromeyer-Hauschild et al. 2001 \[[@CR28]\].^2^Maximum completed school years of either of the parents.^3^Categorized relatively to the median equivalence income of the year 2007 (1521 EUR/month) \[[@CR24]\].^4^MVPA: moderate-to-vigorous physical activity (year average, dichotomized according to WHO recommendations ≥ 60 min/day MVPA) \[[@CR2]\].^5^WHO recommendations not met.^6^WHO recommendations met.\*\*\*/\*\*/\*, values nominally significant at the 0.1%/1%/5% level (without adjustment for multiple testing); number of observations: 3356.Model information: dependent variables: odds of direct costs (total, physician use, therapist use, hospital use, inpatient rehabilitation use) and odds of indirect costs (parental work absence);assumptions: binominal distribution of the error terms, logit-link function.

The analysis showed no statistically significant results. Comparing MVPA ≥ 7 h/week and MVPA \< 7 h/week, the odds ratio estimates (odds of generating costs, yes/no) showed different directions throughout cost components: the probabilities of total direct costs and inpatient rehabilitation costs were 0.95fold (95% CI: 0.76-1.19) and 0.97fold (95% CI: 0.52-1.84), while probabilities of physician, therapist, hospital or indirect costs were 1.06fold (95% CI: 0.86-1.30), 1.05fold (95% CI: 0.88-1.25), 1.20fold (95% CI: 0.85-1.68) and 1.04fold (95% CI: 0.87-1.26).

Regarding further parameters of the regression model, there are single significant odds ratio estimates: A one unit increase in age is associated with a twofold higher probability of hospital costs. For boys, the odds ratio estimate for therapist costs is higher compared with girls. Regarding BMI, the probabilities of inpatient rehabilitation costs for severely underweight and for obese children are higher compared with normal weight children (4.23fold, 95% CI: 1.43-12.52 and 5.42fold, 95% CI: 1.96-15.03).

More detailed analyses were done regarding the probability of costs for further specialists as well as for further therapists. The analyses did not reveal systematic changes in comparison with the reported overall analysis on the probability of physician and therapist costs.

The results for the second step of the regression model (generalized linear regression) are presented in Table [4](#Tab4){ref-type="table"}.Table 4**Association between socioeconomic factors, BMI, MVPA and (in)direct costs (generalized linear mixed model)ParameterDirect costsIndirect costsTotalPhysicianTherapistHospitalInpatient rehabilitationParental work absenceExp(Est) \[95% CI\]Exp(Est) \[95% CI\]Exp(Est) \[95% CI\]Exp(Est) \[95% CI\]Exp(Est) \[95% CI\]Exp(Est) \[95% CI\]Age**1.63 \[1.28-2.08\]\*\*\*0.99 \[0.87-1.13\]0.73 \[0.51-1.04\]1.46 \[0.86-2.48\]2.62 \[0.75-9.16\]1.03 \[0.83-1.29\]**Gender, Ref: Girls**1.001.001.001.001.001.00Boys1.13 \[1.01-1.27\]\*1.06 \[0.99-1.13\]1.23 \[1.04-1.45\]\*1.02 \[0.76-1.36\]1.31 \[0.64-2.70\]1.06 \[0.96-1.17\]**BMI categories** ^**1**^ **, Ref: Normal weight (P10 to P90)**1.001.001.001.001.001.00Severely underweight (\< P3)1.59 \[1.13-2.24\]\*\*1.14 \[0.94-1.37\]0.84 \[0.51-1.36\]1.14 \[0.57-2.26\]0.56 \[0.08-3.68\]1.33 \[0.95-1.85\]Underweight (P3 to \< P10)1.62 \[1.29-2.05\]\*\*\*1.16 \[1.03-1.32\]\*1.06 \[0.76-1.46\]1.64 \[1.00-2.67\]\*0.48 \[0.04-5.25\]1.15 \[0.94-1.40\]Overweight, not obese (\> P90 to P97)1.42 \[1.12-1.80\]\*\*1.31 \[1.14-1.49\]\*\*\*0.85 \[0.612-1.17\]1.55 \[0.94-2.55\]1.16 \[0.25-5.48\]1.19 \[0.93-1.50\]Obese (\> P97)1.89 \[1.27-2.82\]\*\*1.16 \[0.93-1.45\]1.20 \[0.64-2.23\]1.29 \[0.58-2.90\]\*1.06 \[0.37-3.08\]1.18 \[0.83-1.69\]Missing1.55 \[1.14-2.12\]\*\*0.88 \[0.74-1.04\]0.70 \[0.42-1.19\]2.34 \[1.16-4.74\]0.37 \[0.08-1.75\]0.86 \[0.66-1.12\]**Education level of parents** ^**2**^ **, Ref: High (\>10 years)**1.001.001.001.001.001.00Low (\<10 years)1.81 \[1.36-2.40\]\*\*\*1.03 \[0.89-1.19\]1.11 \[0.72-1.73\]2.39 \[1.29-4.44\]\*\*0.62 \[0.15-2.65\]1.43 \[1.02-1.99\]\*Medium (=10 years)1.11 \[0.97-1.28\]1.12 \[1.04-1.20\]\*\*1.08 \[0.88-1.33\]0.96 \[0.68-1.34\]0.74 \[0.36-1.53\]1.16 \[1.03-1.32\]\***Relative income position** ^**3**^ **, Ref: \> 100% of median income**1.001.001.001.001.001.00≤60% of median income1.43 \[1.208-1.72\]\*\*\*1.02 \[0.93-1.13\]1.87 \[1.42-2.46\]\*\*\*1.12 \[0.74-1.68\]1.48 \[0.55-3.97\]1.07 \[0.88-1.29\]\>60% and ≤ 100% of median income1.18 \[1.03-1.34\]\*1.00 \[0.93-1.07\]1.21 \[1.01-1.46\]\*1.13 \[0.80-1.60\]1.31 \[0.57-3.01\]1.00 \[0.89-1.13\]**Single parenthood, Ref: No**1.001.001.001.001.001.00Yes0.82 \[0.67-0.99\]\*0.89 \[0.80-0.99\]\*0.97 \[0.74-1.28\]0.92 \[0.55-1.54\]1.82 \[0.32-10.38\]1.10 \[0.91-1.32\]Missing0.90 \[0.59-1.38\]1.16 \[0.91-1.47\]1.30 \[0.69-2.42\]0.65 \[0.19-2.23\]1.00 \[1.00-1.00\]1.09 \[0.77-1.52\]**Study region, Ref: Munich**1.001.001.001.001.001.00Leipzig1.54 \[1.27-1.86\]\*\*\*1.07 \[0.96-1.18\]0.84 \[0.64-1.10\]1.63 \[1.09-2.44\]\*1.41 \[0.57-3.49\]1.67 \[1.45-1.91\]\*\*\*Bad Honnef0.78 \[0.61-0.99\]\*0.98 \[0.85-1.12\]0.75 \[0.51-1.11\]0.82 \[0.45-1.51\]0.67 \[0.12-3.61\]1.09 \[0.86-1.39\]Wesel0.67 \[0.58-0.76\]\*\*\*0.93 \[0.86-0.99\]\*0.72 \[0.58-0.89\]\*\*0.89 \[0.62-1.28\]0.60 \[0.27-1.33\]0.98 \[0.84-1.14\]**MVPA activity time** ^**4**^ **, Ref: \< 7 h/week MVPA** ^**5**^1.001.001.001.001.001.00≥7 h/week MVPA^6^0.99 \[0.88-1.12\]0.96 \[0.90-1.03\]1.11 \[0.93-1.32\]0.79 \[0.57-1.09\]0.91 \[0.42-1.98\]1.06 \[0.95-1.18\]Abbreviations: BMI: body mass index; CI: confidence interval; Exp(Est): exponential function of the l'beta estimate; h: hours; %: percentage; Ref: reference category.^1^BMI categories according to Kromeyer-Hauschild et al. 2001 \[[@CR28]\].^2^Maximum completed school years of either of the parents.^3^Categorized relatively to the median equivalence income of the year 2007 (1521 EUR/month) \[[@CR24]\].^4^MVPA: moderate-to-vigorous physical activity (year average, dichotomized according to WHO recommendations ≥ 60 min/day MVPA) \[[@CR2]\].^5^WHO recommendations not met.^6^WHO recommendations met.\*\*\*/\*\*/\*, values nominally significant at the 0.1%/1%/5% level (without adjustment for multiple testing).Number of observations: 3356.Model information: dependent variables: Exp(Estimate) for costs (total direct, physician, therapist, hospital, inpatient rehabilitation, parental work absence); assumptions: gamma distribution of the error terms, log-link function.

The analysis showed no statistically significant results. Different directions of estimates (extent of costs where costs occurred) were noticeable throughout cost components in the second step of the regression model: For higher MVPA (≥7 h/week) compared with lower MVPA (\<7 h/week) the extent of total, physician, hospital and rehabilitation costs was 0.99fold (95% CI: 0.88-1.12), 0.96fold (95% CI: 0.90-1.03), 0.79fold (95% CI: 0.57-1.09) and 0.91fold (95% CI: 0.42-1.98), while therapist and indirect costs were 1.11fold (95% CI: 0.93-1.32) and 1.06fold (95% CI: 0.95-1.18).

Regarding further parameters of the regression model, there are single significant estimates: For a one unit increase in age, total costs are higher (1.63fold, 95% CI: 1.28-2.08). Boys showed increased total and therapist costs compared with girls. Regarding BMI, total direct costs are higher for all weight categories compared with normal weight. The highest total costs can be observed for obese children (1.89fold, 95% CI: 1.27-2.82).

More detailed analyses were done regarding the costs for further specialists as well as for further therapists. The analyses did not reveal systematic changes in comparison with the reported overall analyses on the extent of physicians and therapists costs.

Results of the sensitivity analyses {#Sec11}
-----------------------------------

Sensitivity analyses were conducted on all cost components and on both steps of the regression model. They did not systematically change the results in comparison with the primary analysis. In Table [5](#Tab5){ref-type="table"} results for sensitivity analyses of total costs are shown in comparison with the primary analysis model.Table 5**Primary and sensitivity analyses: correlation between MVPA and total direct costsType of analysisTotal direct costs (yes) (f.s.)Total direct costs (Amount) (s.s.)Odds \[95% CI\]Exp(Estimate) \[95% CI\]Primary analysis model, Ref: \< 7 h/week MVPA**1.001.00≥7 h/week MVPA^1^0.95 \[0.76-1.19\]0.99 \[0.88-1.12\]**SAM 1: Exclusion of high utilization, Ref: \< 7 h/week MVPA**1.001.00≥7 h/week MVPA^1^0.95 \[0.76-1.19\]1.05 \[0.93-1.18\]**SAM 2: four-level MVPA variable, Ref: \< 3.5 h/week MVPA**1.001.00≥3.5 and \< 7 h/week MVPA1.04 \[0.68-1.59\]1.12 \[0.89-1.41\]≥7 and \< 10.5 h/week MVPA0.92 \[0.61-1.40\]0.90 \[0.72-1.13\]≥10.5 h/week MVPA1.01 \[0.68-1.51\]1.18 \[0.95-1.47\]**SAM 3: plus Interaction MVPA & gender, Ref: \< 7 h/week MVPA**1.001.00Effect of ≥ 7 h/week MVPA if gender female0.94 \[0.69-1.28\]1.31 \[1.10-1.55\]\*\*Effect of ≥ 7 h/week MVPA if gender male0.96 \[0.69-1.32\]0.77 \[0.64-0.91\]\*\***SAM 4: plus Interaction MVPA & BMI, Ref: \< 7 h/week MVPA**1.001.00Effect of ≥ 7 h/week MVPA if normal weight0.96 \[0.76-1.23\]0.99 \[0.86-1.13\]Effect of ≥ 7 h/week MVPA if severely underweight1.21 \[0.22-6.76\]2.08 \[0.98-4.45\]Effect of ≥ 7 h/week MVPA if underweight0.91 \[0.36-2.29\]2.09 \[1.29-3.38\]\*\*Effect of ≥ 7 h/week MVPA if overweight, not obese0.89 \[0.31-2.54\]1.09 \[0.64-1.86\]Effect of ≥ 7 h/week MVPA if obese0.65 \[0.06-6.78\]1.65 \[0.71-3.83\]Effect of ≥ 7 h/week MVPA if BMI information missing0.77 \[0.26-2.29\]0.19 \[0.10-0.37\]\*\*\*Abbreviations: BMI: body mass index CI: confidence interval; Exp(Estimate): exponential function of l'beta estimate for costs; f.s.: first step of the model (logistic regression); h: hours; MVPA: moderate to vigorous physical activity; Odds: odds ratio estimates for costs; PA: physical activity; %: percentage; Ref: reference category; SAM: sensitivity analysis model; s.s.: second step of the model (overall generalized linear mixed regression).\*\*\*/\*\*/\*, values nominally significant at the 0.1%/1%/5% level (without adjustment for multiple testing).Model information:^1^effect of respectively higher MVPA (≥7 h/week) for both sexes compared with reference category lower MVPA (\<7 h/week).all SAMs were calculated using covariates of the primary analysis; number of observations vary in data sets and between steps of the regression model:f.s.: primary analysis, SAM2, SAM3, SAM4 (N = 3356), SAM1 (N = 3355).s.s.: primary analysis, SAM2, SAM3, SAM4 (N = 2913), SAM1 (N = 2912).

The information that can be added through sensitivity analyses is related to the second step of the regression model. In SAM 3 and SAM 4 there are some significant values: If costs occur, boys show a lower extent of total costs (0.77fold, 95%CI: 0.64-0.91), while girls show an increased extent of total costs (1.31fold, 95% CI: 1.10-1.55) for higher compared with lower MVPA. If costs occur, for underweight children total costs double for higher compared with lower MVPA.

Recycled predictions of mean (in)direct costs and MVPA {#Sec12}
------------------------------------------------------

Combining the two steps of the regression model, the results for the recycled predictions estimate adjusted mean costs and 95% bootstrap-percentile-intervals for both MVPA groups (shown in Figure [1](#Fig1){ref-type="fig"}). For the group fulfilling WHO recommendations (≥7 h/week) compared with the group not fulfilling WHO recommendations (\<7 h/week) total direct costs accounted for 392 EUR (95% CI: 342--449 EUR) versus 398 EUR (95% CI: 309--480 EUR) and indirect costs accounted for 138 EUR (95% CI: 124--153 EUR) versus 127 EUR (95% CI: 111--146 EUR).Figure 1Mean (in)direct costs and MVPA (95% confidence intervals) in EUR.

Examining the direct costs in more detail, for higher (≥7 h/week) compared with lower MVPA (\<7 h/week) physician costs accounted for 95 EUR (95% CI: 91--100 EUR) versus 99 EUR (95% CI: 91--107 EUR), therapist costs for 114 EUR (95% CI: 98--131 EUR) versus 101 EUR (95% CI: 82--121 EUR), hospital costs for 149 EUR (95% CI: 113--201 EUR) versus 161 EUR (95% CI: 92--249 EUR) and inpatient rehabilitation costs for 38 EUR (95% CI: 26--270 EUR) versus 43 EUR (95% CI: 17--360 EUR). All effects, however, are not significant.

Discussion {#Sec13}
==========

This study analyzed the association between PA, healthcare utilization and costs for children based on cross-sectional data of the 10-year follow-up from two German birth cohort studies. The results show that a majority of children fulfill WHO-recommendations of ≥ 7 h/week MVPA and seem to be quite active. No statistically significant association between PA and healthcare utilization and costs was observed. The results show different directions of association. Basically, physically active children are healthier in terms of fitness \[[@CR3]\]. Having a better fitness, physically active children are less likely to be in need of healthcare services. But overburdening PA can also lead to physical injuries and chronic damage during child development \[[@CR36]\]. Annually, about 17.7% of boys and 14.1% of girls (5 to 14 years old) get injured in accidents, 32.1% of these accidents happen during sports/leisure time \[[@CR37]\]. A Dutch study shows that for the narrower age group of the 9 to 12 year-old children injury risks during leisure time might be higher in girls compared with boys \[[@CR38]\]. In both sexes, injuries probably result in demands of healthcare services.

This study has strengths and limitations. It is the first study analyzing the association between PA, healthcare utilization and costs for children using a bottom-up approach which needs fewer assumptions regarding individual utilization compared with top-down approaches. A broad spectrum of healthcare services is captured (physician, therapist, hospital, inpatient rehabilitation costs) and as one of the first studies it even takes into account an aspect of indirect costs (parental work absence). Using an excess cost approach, the present study is able to capture all costs related to MVPA or its health consequences and to compare costs between groups of different MVPA level.

A Canadian study analyzed similar associations: Kirk et al. explored the association between health behaviors (including PA) and healthcare utilization in Canadian schoolchildren using a top-down approach and a cross-sectional study design. They linked survey data from the Children's Lifestyle and School Performance Study (CLASS) with Nova Scotia administrative health data. To measure healthcare utilization and costs they only use physician visits and physician costs as outcome. As in the present study, Kirk et al. found no statistically significant association between PA and healthcare utilization \[[@CR16]\], but for increasing PA, they observed a non-significant trend of increasing healthcare costs \[[@CR16]\].

The present study is subject to some limitations. As a cross-sectional design was used, statements about causal relationships, accumulative or long-term effects of PA on healthcare utilization and costs cannot be made. In the long run, for physically active people, savings potential is assumed \[[@CR39]\]. Rütten et al. mention an Austrian calculation that weights costs and benefits of PA resulting in an annual savings potential of circa 270 million EUR for PA. Childhood might be too early in life, to detect significant preventive effects of PA on healthcare utilization and costs, as diseases attributable to lacking PA might first occur later in life. As we focus on a narrow time frame, it seems plausible that the immediate effects of PA related injuries on healthcare utilization and costs might outweigh the preventive effects.

Preventive effects of PA on healthcare utilization and costs were assumed but even an inverse causation is conceivable. Children being less physically active might nevertheless show a higher probability of healthcare utilization and higher costs. This can be the case if children have serious (chronic) diseases that might restrain them from being physically active. The higher probability of healthcare utilization and higher costs might then not be associated with PA, but with the disease itself.

There are limitations regarding the estimation of cost data in the present study. This study was not able to account for actual expenditures, but applied updated contact prices based on mean values suggested by the AG MEG \[[@CR29]\]. Costs can vary considerably, even within one healthcare category and particularly for hospital stays \[[@CR40]\]. This approach and some assumptions regarding imputation methods may have caused an over- or underestimation of costs as is discussed in detail in Breitfelder et al. and Batscheider et al. \[[@CR14],[@CR22]\]. Costs might be underestimated because of preventive effects of high education and income on costs in the study sample: Families participating in GINIplus and LISAplus have above average education levels and income compared with the German population in general \[[@CR14]\].

The estimation of indirect costs is limited to one aspect of indirect costs (parental work absence costs) focusing on production losses in paid work. But this can only be regarded as an approximation of indirect costs because it only takes into account employed people and disregards unpaid work. Further indirect costs concerning children individually are also conceivable as for example negative effects on their education or career opportunities. Regarding utilization data, on which cost estimations are based, the study cannot exclude recall bias, because parents of participating children provide information about the previous 12 months. The authors do not assume an effect on the validity of their study \[[@CR14]\].

As a tendency of "overreporting" PA is known from other surveys \[[@CR41]\], an overestimation of MVPA in the present study is likely. However, PA questions of the present study were based on a questionnaire of the representative KiGGS study which was tested for overall test-retest reliability and for validity of PA questions, showing good results \[[@CR42]\]. A further limitation regarding the accuracy of estimated MVPA arises from the fact that not the study subject himself, but his parents, report on MVPA. This method of data collection is common in studies among schoolchildren, see also KiGGS study \[[@CR8]\].

For the construction of the exposure variable MVPA it has been assumed that the WHO recommendation of 60 minutes/day MVPA can be extrapolated to 7 h/week MVPA. This was necessary as PA in this study was recorded in h/week. It does, however, not ensure that children are physically active daily which might have an influence on possible health effects of MVPA. Further, other health behaviors like food habits may possibly confound the association between MVPA, healthcare utilization and costs and could not be taken into account.

Furthermore it has to be noted that the study sample is not representative for German children (above average education level and income background, small regional coverage, above average level of MVPA).

As in the 10-year follow-up only about 55% of the baseline individuals are included, non-response bias cannot be ruled out either.

Conclusions {#Sec14}
===========

This study may be regarded as one of the first steps in investigating the association between PA, healthcare utilization and direct as well as indirect costs in children. Even if the study did not show significant results, it is important because it examined possible short-term effects in this association. Setting the focus on the association between PA and healthcare costs rather than on the association between a disease and healthcare costs, the study makes a contribution to the exploration of health behaviors and protective factors in primary prevention. Long-term effects remain to be analyzed to clarify the public health importance of PA. Therefore, further studies which apply a lifetime perspective and observe the participants from childhood into adulthood are needed. As it is scientifically known that positive health effects of PA in children are possible, the focus of further studies should be on these aspects: a better understanding of the PA types and the sport forms that generate health effects in children (paying particular attention to their growth process) and calculating its subsequent economic impact more exactly. This might strengthen and underpin the promotion of PA in children from a health economic perspective.

Endnote {#Sec15}
=======

^a^We chose the reference year 2007 for reported numbers, because it was the year of data collection in the 10-year birth cohort.
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